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ALASKA PINK SHRIMP, Pandalus borealis:
EFFECTS OF HEAT TREATMENT
ON COLOR AND MACHINE PEELABILITY

by
Jeff Collins and Carolyn Kelley

ABSTRACT

For the improvement of the quality of canned pink shrimp, particularly its color, a
process is needed so that fresh shrimp, rather than aged shrimp, can be peeled by machine.

In our work on this problem, the retention of color was improved during peeling if
the shrimp were first given a heat pretreatment. During in-plant trials, 60- to 500-pound
lots of shrimp were given various one-stage and two-stage heat treatments before they
were machine peeled and routinely canned.

The precook method of preparing fresh shrimp for peeling by machine resulted in a
canned product that had more color and had better texture and flavor than shrimp pre-
pared for peeling by being held in ice or in refrigerated sea water. In some samples,
gelling occurred in the liquor, and some cans had more sulfide blackening than usual.
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INTRODUCTION

Alaska shrimp, Pandalidae species, are dif-
ficult to peel on machines when fresh (Collins,
1960a). Shrimp are commonly held in ice for
at least 2 days so they can be peeled by ma-
chine. Research and commercial experience
has indicated that refrigerated sea water and
ice are about equivalent. as holding methods
to facilitate machine peeling. The use of either
of these methods results in products of sim-
ilar quality.

Holding shrimp increases cost and results
in lower yield because of physical damage and
leaching. Also, quality decreases because of
leaching of soluble components and develop-
ment of off flavors and odors. The longer that
shrimp are held in refrigerated sea water or
ice, the more leaching occurs throughout the
processing operation (Collins, Seagran, and
Iverson, 1960; Seagran, Collins, and Iverson,
1960; Collins, 1960b; Collins, 1961).

We have found that the carotenoid content
of shrimp is a good index of quality, inasmuch
as a product that has poor color ordinarily
is poor in other quality factors. The desirable
red-orange color occurs as a carotenoid-pro-
tein complex closely associated with oil and
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is located primarily at the interface between
the meat and the shell. In raw shrimp, the
color complex is quite soluble but is easily de-
natured to a less-soluble state by heat or by
treatment with acid. As a result of holding
the shrimp in ice or in refrigerated sea water,
significant amounts of carotenoid complexes,
flavor components, and proteins are leached
from the shrimp during both storage and sub-
sequent processing. These changes result in
products that have less color and flavor and
that have poorer texture than have those pre-
pared from fresher shrimp. The products of
best quality are obtained when shrimp are proe-
essed as soon as possible after they are cap-
tured.

This paper reports on the development of
a process in which precooking is substituted for
holding the shrimp in ice or in refrigerated
sea water to precondition the shrimp for peel-
ing on machines. In laboratory experiments,
we obtained information on the effects of size
of shrimp and heat treatments on the carot-
enoid content. In in-plant experiments, we
gave small lots of shrimp various heat treat-
ments prior to peeling them mechanically and
canning them in the usual manner.



I. LABORATORY EXPERIMENTS ON VARIABLES
POSSIBLY AFFECTING COLOR

Variables studied were (A) size of shrimp
and distribution of color and (B) relation of
temperature of heat treatment to carotenoid
content of shrimp.

A. SIZE OF SHRIMP AND
DISTRIBUTION OF COLOR

In the experiments reported in this section,
we were concerned with (1) carotenoid anal-
yses, (2) size of shrimp, and (3) distribution
of color.

1. Carotenoid Analyses

a. Procedure.—For the estimation of color,
we used an exhaustive chloroform-acetone ex-
traction of blended samples, with the color
being finally partitioned into petroleum ether
and then evaluated spectrophotometrically
(Ravesi).” We analyzed all samples at least
in triplicate and used a Gilford modification
of a Beckman DU spectrophotometer for the
spectrophotometric work.” The -carotenoid
content, expressed as the carotenoid index
(Rousseau, 1960), is a calculated value based on
dry weight. For some samples, we could not
obtain the dry weight, so the results are re-
ported as total absorbancy per sample. The
carotenoid index represents the a. (absorban-
cy) in 100 milliliters of PE (petroleum ether)
of the carotenoids from 1 gram of dry sample.
It is calculated as follows:

El% __ (a. at 468 myu in 100 ml. PE) (100)
1em. = (b0-gram wet sample) (% dry weight)

b. Results.—The relation between carotenoid
index and visual color was as follows: Hand-
picked, cocktail-style, frozen shrimp that were
of superior color had a carotenoid index of
0.120 or higher; highly colored canned products

\ Elinor Ravesi. 196S. Effect of processing ond frozen storoge on
the carotenocid pigments of Alaska king ¢crab. Unpublished manuscript,
filed at Bureou ot Commerciol Fisheries Technological Laboratory, Ketch-
ikan, Alaska.

* The use of trode names is merely to focilitate description; no
endorsement of product is implied.

had an index of 0.060 or higher; very poorly
colored and *“washed out” products had an
index of 0.040 or lower. Observers familiar
with the judgment of color could readily de-
tect differences of 0.005 in carotenoid index
in all ranges and could detect differences of
0.002 in the lower ranges.

2. Size of Shrimp

a. Procedure.—Raw pink shrimp were di-
vided into various classes according to size and
were analyzed for their content of carotenoids.

We determined the classes by weighing each
shrimp individually. Those weighing 1.00-1.99
grams were placed in one group, those weigh-
ing 2.00-2.99 grams were placed in another,
and so on. When all the shrimp were weighed,
the groups containing too few shrimp for a-
nalysis were combined with the next preceding
or succeeding group to form a group of ade-
quate size.

In each size class, the samples were ana-
lyzed ax whole shrimp, as headed shrimp, and
as hand-peeled meat.

b. Results.—Table 1 shows that the larger
shrimp had less color. For the peeled meats a
commercially significant drop in color occurred,
on a percentage basis, with increasing size of
shrimp. l.ess than half of the color in the
headed shrimp was retained by the meats,

Table 1.—Carotenoid content as affccted by size and form
of raw shrimp

Camtera d rlen

Whole count Who'e Hes ded Peeled

shr.mp she mp ' [ 71N
T = 5 e P

No. thrimp per (b, 1 % ] % I ‘%
£ ] cm £ /] = £ ! =

262 0419 0204 nie

180 627 2e9 122

128 £28 2% 118

101 2 i e

84 [ N i ot
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3. Distribution of Color

a. Procedure.—To determine how much of
the color lost during peeling is due to residue
tissue remaining with shells, we analyzed head-
ed shrimp, peeled meats, and the shells sep-
arately.

We analyzed some of the headed shrimp,
hand peeled the remaining headed shrimp, and
analyzed the peeled meats for carotenoid con-
tent without washing them. Before analyzing
the shells, we removed the tissue from them
by washing them with a 5-percent NaCl so-
lution. We made the usual carotenoid anal-
yses and calculated the total absorbancy for
the actual weight of the form being analyzed.
The amount of carotenoid found in the meats
and washed shells was subtracted from that
found in the headed shrimp, and the difference
was assumed to be the amount of carotenoid
lost with the residue tissue.

b. Results.—The analyses on the headed
shrimp and the two parts were:

Headed shrimp

15.94 a./100 ml.PE/337 g.

blended samples of raw meat in individual
glass containers, which we heated in a water
bath. The meat was heated to the desired
internal temperature and was held at that
temperature for 30 minutes. It then was im-
mediately cooled by our placing the container
in cold water. The carotenoid index was then
determined.

b. Results.—Table 2 shows that heat had no
measurable effect on the carotenoid content.

Table 2.—Carotenoid content as affected by the temper-
ature of heating blended shrimp meats

Temperature Carotenoid index
°F. el %
38 0.130
100 129
15 133
130 135
145 136
160 134
175 133
190 130
210 .130

headed shrimp

Hand-peeled meats 6.79 a./100 ml.PE/257 g. meats
Washed shells 3.13 a./100 ml.PE/ 80 g. unwashed shells
9.92

Meats and shells

9.92 a./100 ml.PE/337 g.

meats and shells

Carotenoid iost
from residue tissue
These data show that about one-half of
the theoretically available carotenoid content
is lost during peeling. Retention of color on
the peeled meats, rather than loss of it through
leaching or with the shell as unremoved tissue,
is our primary aim in trying to improve the
method of precessing.

B. RELATION OF TEMPERATURE
OF HEAT TREATMENT TO
CAROTENOID CONTENT OF SHRIMP

In the study reported in this section, we
were interested in (1) the effect of heat on
the color itself and (2) the effect of heat on
the retention of color in the shrimp.

1. Effect of Heat on Color

a. Procedure.—To determine if the carot-
enoid is itself affected by heat, we placed
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6.02 a./100 ml.PE/337 g.

headed shrimp

2. Effect of Heat on Color Retention

a. Procedure.—To determine if temperature
would affect the amount of carotenoid retained
when the shrimp are peeled, we cooked whole
shrimp for 5 minutes at various temperatures,
hand-peeled them, and analyzed the unwashed
meats for their carotenoid content.

b. Results.—Carotenoid analyses (Table 3)
show that more color was retained when the

Table 3.—Effect of the temperature of cooking whole
shrimp on the color retention of hand-peeled

meats
Temperature of cooking Carotenoid index of hand-
whole shrimp peeled meats

1%

°F. E 1 cem.

110 0.085

150 .100

180 .108

212 137




shrimp were cooked at the higher temperatures.
Although eolor itself was not affected by heat,

IIl. IN-PLANT EXPERIMENTS USING VARIOUS

its retention during peeling was increased when
the whole shrimp were heated.

PRECOOKING

CONDITIONS BEFORE MACHINE-PEELING AND CANNING

The preceding laboratory experiments
showed that cooking before peeling does im-
prove the retention of color. We next needed
to see whether heat-treated fresh shrimp could
be machine-peeled and whether the improved
color observed after hand-peeling would be re-
tained during machine-peeling.

We did the experiments in Part A (prelim-
inary in-plant study) to determine peelability
and color retention. We did those in Part B
(establishing precook conditions) to learn the
best conditions of time and temperature for
precooking.

A. PRELIMINARY IN-PLANT STUDY

1. Procedure

The study was made in Wrangell, Alaska,
in October 1965.

About 60 pounds of whole pink shrimp
caught 3 to 5 hours before being processed
was used for each lot. Although such a short
time would be impractical on a commercial
basis, we wanted to see if we could machine-
peel shrimp so fresh that we could expect the
ultimate possible quality. The shrimp were
given various heat treatments before they were

routinely machine peeled and canned. Pre-
cooking was done by dipping a wooden tray
with a hardware-cloth bottom containing the
shrimp into tanks of preheated fresh water.
The shrimp were taken to the machine peelers
and spread out on a conveyor belt leading to
the peeler rolls. Table 4 gives the experimental
conditions, the peeling properties of the shrimp,
and their color. Regular-production shrimp,
which had been held in ice for 2 days, were
defined to have poor color and excellent peeling
properties. These subjective ratings were used
as a basis for comparative ratings of the ex-
perimental samples.

Color was rated subjectively at the in-
spection belt. Peeling efficiency, in turn, was
rated subjectively at several stages in the proc-
ess and was based on the completeness with
which the shell was removed, the amount of
residual shell, the amount of broken meats, and
the amount of ragged meats. The yield of cans,
which is the true measure of peeling efficiency
at constant peeling rate, often did not agree
with our subjective rating. Low yields of cans
are obtained when small lots are run, because
some shrimp are retained in the processing
machinery. For these small lots, the subjective

Table 4.—Effect of precooking conditions on peeling properties and color of northern shrimp

Identification of sample and precooking conditions p}'?xzetleirrtliges pee(l:e(:iogh?ifmp Ca{gair;oid
1 %
Eqim
Shrimp processed after 2-day storage in ice:
Control, no precook . .....covvvriracrvuerannrsns Excellent Poor 0.047
Shrimp processed 3 to 5 hours after capture:
Heated in 110° F. water for 2 minutes ............ Fair Fair .050
Heated in 130° F. water for 2 minutes ............ Fair Good .054
Heated in 150° F. water for 2 minutes ............ Poor Excellent 058
Heated in 150° F. water for 30 seconds ............ Fair Excellent .069
Heated in 110° F. water for 2 minutes; then heated
in 150° F, water for 15 seconds .......... ... Good Good 069
Shrimp processed 18 hours after capture:
Heated in 110° F. water for 3 minutes ............ Excellent Good 051
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rating therefore was more meaningful than
the yield of cans as a measure of peeling effi-
ciency.

2. Results

In principle, precooking at a higher temper-
ature apparently is necessary for good color,
but it results in broken shrimp. Lower temper-
ature of cooking enables fresh shrimp to be
peeled but has little effect on color. Peeling
properties were not satisfactory in any of the
single-stage precooks except at low tempera-
ture, where the color was not satisfactory. The
two-stage precook, however, resulted in a prod-
uct that had both good color and good peeling
characteristics and was therefore preferred
to the single-stage precook. Holding shrimp
overnight improved their peeling properties.

B. ESTABLISHING PRECOOK
CONDITIONS

Because the two-stage precook resulted in
a product that had both good color and good
peeling properties, we decided to give this
method further attention. In the following
sections, we report on our in-plant peeling
study, can-cutting data, and organoleptic eval-
uation of the canned shrimp.

1. In-plant Peeling Study

a. Procedure.—This experiment was done
in Wrangell, Alaska, in February 1966.

Often, the earliest that shrimp can be proc-
essed is 18 to 24 hours after they are captured.

Accordingly, we used shrimp held overnight
in the regular shrimp boxes at ambient temper-
atures of 30° to 35° F.

Shrimp in 100-pound lots were precooked in
five different ways before being peeled and
routinely canned. Two larger lots of 500
pounds each were processed to enable us to com-
pare yields between shrimp that had been pre-
cooked with those held in ice for 2 days. Table
5 shows the experimental conditions and data
on yield of cans, on color, and on peelability.

b. Results. — The lot processed at 180° F.
contained an excessive amount of ragged meats.
No further improvement in color was noted
visually in the lots processed above 165° F.
When reverse sequences were compared (150°
F., 15 seconds; 110° F., 3 minutes vs. 110° F.,
3 minutes; 150° F., 15 seconds), the data
showed that the higher temperature should
come first. Otherwise, yields were low, and
meats were broken and ragged. Other pre-
cooked samples had nearly equal yields. From
the 500-pound lots, the apparent yield of cans
for the shrimp held on ice was greater than
for the precooked shrimp.

2. Can-Cutting Data

a. Procedure. — Samples were opened after
1 year and after 2 years of storage. Drained
weights and pH were determined, and samples
were checked for iron sulfide blackening. Ca-
rotenoid index was determined only after 2
years of storage.

Table 5.—Can yield and subjective rating on color and peeling properties of precooked shrimp

Identification of lots and Y‘i;fld C°l.f|'c§[ Peeling
precooking conditions R s;;xrimp properties
Number
100-pound lots of shrimp:
Heated in 110° F. water for 3 min. ........cc00.. 52 Fair Excellent
Heated in 110° F. water for 3 min.; then
heated in 150° F. water for 15 sec. ......couuue 43 Good Poor
Heated in 150° F. water for 15 sec.; then A
heated in 110° F. water for 3 min. ....v0vevuns 52 Fair Fair
Heated in 165° F. water for 15 sec.; then
heated in 110° F. water for 3 min. .......00uus 51 Good Good
Heated in 180° F. water for 15 sec.; then
heated in 110° F. water for 3 min. .....cvvvuuns 54 Good Poor
500-pound lots of shrimp:
Heated in 165° F. water for 15 sec.; then
heated in 110° F. water for 3 min. ............ 274 Good Good
Held 2 days ofi iCe cuiis simmes s ssme s s smale s s sowise 312 Poor Excellent
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Regular drained weights were obtained as
follows: A No. 8 mesh sieve was tared, placed
in an inclining position on a tray, and a can
of shrimp was spread evenly over the screen.
After the shrimp had drained for 2 minutes,
the bottom of the screen was blotted with damp
sponges to remove excess liquor, and the sieve
and shrimp were weighed.

The liquor was poured from each can into
a beaker, and the pH of the liquor was meas-
ured with a pH meter.

The cans were visually inspected for iron
sulfide blackening as the shrimp were dumped
onto the sieve.

The method of carotenoid analysis was pre-
viously described in Part I A 1.

b. Results. — Table 6 gives the data for the
canned shrimp after they had been stored for
1 and 2 years.

In all analyses but one, pH values were
lower in the samples that were stored for 2
years. Values of pH were about 0.2 units
lower than normal.

The data on blackening were erratic and
difficult to interpret, but they did indicate a
tendency for precooked shrimp to develop iron
sulfide discoloration, particularly after they had
been stored for 2 years.

Gelling of the liquor in the can caused high
drained weights in some precooked samples
when the conventional 2-minute drain on a
standard screen was used. To get comparable
weights, we obtained a rinsed, drained weight
by dipping the screen and its contents briefly
in cold, fresh water after the regular drained
weight was obtained. The much lower reg-
ular drained-weight values for the 2-year
samples probably indicates a breaking of the
gel. In the rinsed, drained weights, however,
the values for the 1-year and 2-year samples
were about the same.

3. Organoleptic Evaluation of

Canned Shrimp

a. Procedure. — The canned shrimp after 1
vear of storage were evaluated organoleptically
by a six-member panel on a 9-point grading
system (Table 7).

b. Results. — Shrimp held on ice had scores
similar to those for the single-cook sample. All
two-stage precook samples were rated higher
than the iced or single-cook samples. Minor
variations in scores occurred within the various
two-stage samples but were not significant
enough to warrant the choice of one condition
over another.

Table 6.—Can cutting data after 1 and 2 years of storage

Drained weights Carot-

pH Blackening = enoid

Precooking or holding conditions Regular Rinsed index

1 yr. 2 yr. 1 yr. 2 yr. 1 yr. 2 yr. 1 yr. 2 yr. 2 yr.

el %

1 1 Oz. ‘ Oz. Oz. Oz. 1 cm.
100-pound lots of shrimp:

Heated in 110° F. water for 3 min. .... 6.54 6.51 0.7 1.1 5.51 4.69 4.02 4.16 0.044
Heated in 110° F. water for 3 min;

then heated in 150° F. water for 15 sec. .. 6.59 6.62 1.2 2.2 6.12 5.21 4.35 4.57 .056
Heated in 150° F. water for 15 sec.;

then heated in 110° F. water for 3 min. ..[ 6.58 6.42 7 6 5.85 4.96 4.43 4.50 .051
Heated in 165° F. water for 15 sec.;

then heated in 110° F. water for 3 min. .. 6.58 6.48 5 1.2 5.91 5.12 4.33 4.46 .050
Heated in 180° F. water for 15 sec.;

then heated in 110° F. water for 3 min. .. 6.56 6.44 3 4 5.75 4.96 4.28 4.53 .052

500-pound lots of shrimp:

Heated in 165° F. water for 15 sec.;

then heated in 110° F. water for 3 min. .. 6.54 6.50 .0 7 5.93 5.13 4.55 4.54 .053
Heated in 165° F. water for 15 sec.;

then heated in 110° F, water for 2 min.2 . 7.02 6.92 .5 2.0 5.99 5.16 4.69 4.67 .059

Shrimp held 2 days on ice ............ 6.65 6.47 .0 .6 4.75 4.39 4.34 4.10 041

1 Scale used: 3 is objectionable, 2 is moderate, 1 is trace, 0 is none.

2 The shrimp were from the same run as that immediately above, but they were

Note: Each datum is the average from six cans.

canned without the normal addition of citric acid.
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Table 7.—Organoleptic data on canned shrimp stored for 1 year

Organoleptic evaluation of :

Precooking or holding conditions

Appearance Flavor Odor I Texture Overall
——————————— 9-point hedonic scale — — — — — — — — — — —
100-pound lots of shrimp:
Heated in 110° F. water for 3 min. .......... 6.3 6.9 7.8 7.7 6.9
Heated in 110° F. water for 3 min.; then
heated in 150° F_ water for 15 sec. ......uuuun. 7.7 7.0 7.5 7.3 7.0
Heated in 150° F. water for 15 sec.; then
heated in 110° F. water for 3 min. .......... 7.3 8.0 79 8.0 79
Heated in 165° F. water for 15 sec.; then
heated in 110° F. water for 3 min. .......... 6.8 7.9 7.2 7.8 7.6
Heated in 180° F. water for 15 sec.; then
heated in 110° F. water for 3 min. ............ 8.0 8.2 7.8 8.2 8.0
500-pound lots of shrimp:
Heated in 165° F. water for 15 sec.; then
heated in 110° F. water for 3 min. ............ 7.0 7.5 7.7 7.5 7.7
Heated in 165° F_ water for 15 sec.; then
heated in 110° F. water for 3 min.l ......... 7.5 8.5 7.0 8.1 8.0
Held 2 days 101 HCE e o ouniere: s » ssere o o wisizore o » eve 6.2 6.9 6.6 7.5 6.9

1 The shrimp were from the same run as that immediately above, but they were canned without the normal addition of citric acid,

Note: The hedonic scale used was as follows:

9. Like extremely 4. Dislike slight]y

8. Like very much 3. Dislike moderately
7. Like moderately 2. Dislike very much
6. Like slightly 1. Dislike extremely
5. Neither like nor dislike

SUMMARY AND CONCLUSIONS

Our purpose in this work was to find a way
of improving the quality of machine-peeled
Alaska pink shrimp, particularly its color, by
developing a method for processing fresh
shrimp. To do this, we had to develop a meth-
od of pretreating shrimp for machine-peeling
that would substitute for holding shrimp on ice
for 2 or more days before they are machine-
peeled.

Several laboratory experiments involving
a study of the carotenoid content of the shrimp
showed that the color of raw whole shrimp,
of headed shrimp, and of peeled meats tended
to vary inversely with the size of the shrimp.
In hand-peeling of raw shrimp, about one-half
of the color was lost in the tissue that remained
with the shell. Although the carotenoid con-
tent of samples of blended shrimp meat was
not affected by heating, more color was re-
tained in the peeled meats if the whole shrimp
were precooked.

In two series of experiments carried out in
a commercial canning plant, small batches of
shrimp were precooked under various exper-
imental conditions. They were then peeled by
machine and canned by the normal processing
method. We concluded the following from
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these in-plant experiments and ffom our
analyses of the resulting canned products:

1. Lower yields resulted if the combined
effects of time and temperature of pre-
cooking were excessive.

2. A two-stage precook resulted in good
color and good peeling properties; it
was preferred over a single precook.

3. In the two-stage precook method, the
higher temperature must precede the
lower temperature in order to reduce
breakage of shrimp meats on the machine
peeler.

4. Some gelling of the liquor in the canned
product resulted from the use of fresh
shrimp with the precook method.

5. Can-cutting data obtained after the cans
had been stored 1 and 2 years suggested
that precooked shrimp may show a
greater amount of iron sulfide blackening
than that produced by the normal proc-
ess.

6. The precook method of preparing fresh



shrimp for peeling by machine resulted
in a canned product that had more color

and better texture and flavor than shrimp
prepared for peeling by being held in ice.
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DEPTH-TIME SEQUENTIAL ANALYSES OF
THE OPERATION OF
TWO CALIFORNIA TUNA PURSE SEINES

by
Roger E. Green

ABSTRACT

Little information is available on the depth of a purse seine at different times during |
setting, though the timing of setting and pursing is important in the development of sue- |
cessful fishing tactics. The depth-time relation during setting was studied for two tuna
purse seines of different size (7 strips deep, 470 fathoms long; 8 strips deep, 520 fathoms
long) to which depth-time recorders were attached. From data gathered during 32 sets,
composite sequence analyses and underwater net profiles were prepared for four basic
stages (halfway through setting, end of setting, start of pursing, and halfway through
pursing) of the setting and pursing operations. |
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A factor contributing to this inefficiency
may well be the lack of information on the
underwater behavior of purse seines. How
many fishermen can answer such critical ques-
tions as: How deep is the first quarter of the
net when the school is half encircled? How
deep is the third quarter of the net when the
skiff is reached? How much time is required
for 70 percent of the leadline to reach a thermo-
cline 60 feet below the surface? How is the
depth of the net affected during pursing? How
wide is the gap between the ends of the net
at 20 fathoms depth when the net is half
pursed? No doubt these questions bring many
more to mind. Answers have been lacking be-
cause, heretofore, no one has placed suitable
instruments along the bottom of the net to de-
termine exactly what the leadline is doing along
all its length and at all times.

Given complete information on sinking rates
of the net, fishermen can time the setting op-

erations on a rational basis. Guesswork and
trial and error could be removed from such
problems as how much to lead a traveling
school of tuna to ensure that the fish will en-
counter a suitably deep wall of netting, how
to take advantage of a favorable thermocline
(Green, 1967), how to reach an effective fish-
ing depth before beginning to purse, and how
to improve the design of the purse seine (Ben
Yami and Green, 1968).

The purpose of this paper is to help fill
this gap in information by presenting anal-
yses in time and space of the setting of two
California tuna purse seines: one 470 fathoms
long constructed of 7 body strips® and the other
570 fathoms long constructed of 8 body strips.
[ chose these lengths to offer a comparison be-
tween sinking characteristics of nets of dif-
ferent size. Both nets are near the mode of
the size range used by the California fleet for
tropical tunas.

I. ANALYSES OF SETTING OF 7-STRIP, 470-FATHOM PURSE SEINE

This net is similar to the purse seine de-
seribed by McNeely (1961) except that the first
350-fathom section of leadline is 7/¢-inch
chain and the rest is 15-inch chain.

Data obtained in the use of this net were
collected by Gary Sharp® on a regular fishing
trip of the tuna seiner Mary Barbara during
June and July 1967. He used the BKG (bath-
yvkymograph), an instrument developed by the
Bureau of Commercial Fisheries for this pur-
pose (Hester, Aasted, and Gilkey, 1963). The
BKG, while submerged, produces a one-line
graph of depth against time (Figure 1). This
graph presents useful information but is lim-
ited to showing what happens at one point on
the net. A series of such graphs is needed to
show the profile of an entire net underwater,
at different times during the set. The BKG’s

\{plcc| California tuna purse seines are constructed of hori-
zomc ly laced body strips, each 100 meshes deep with 4V4-inch
stretched mesh (McNeely, 1961). | use the number of body strips
as an indicator of depth of the net rather than the depth measured
in fathoms. The depth measured in fathoms depends on so many
variables that it is a confusing and unreliable index. In addition to
body strips, each net has a 50-mesh strip along the bottom and a
narrower selvage strip at the top and bottom. | do not include these
strips in the counts of the body strips.

3 Biological Technician, Bureau of Commercial Fisheries Fishery-
Oceanography Center, La Jolla, California 92037.
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Figure 1.—Bathykymograph (BKG) trace transcribed as it
appeared on the pressure sensitive paper of
the BKG (coordinates added and vertical scale
exaggerated).

were used during
trip.

22 of the 34 sets during the

The time that fish may escape a net, once
setting has started, is marked by three natural
divisions of time: (1) the time the net is
being set (Figures 2, 3, and 4), (2) the time



Figure 2.—“Let go!” At this command, marking the start of a set, a crewman strikes the pelican hook
release, dropping the seine skiff into the water. (Photo taken aboard Jeanne Lynn.)

between the end of the set (when the skiff
is reached, Figure 5) and the beginning of
pursing, and (3) the time during pursing
(Figures 6 and 7).

On the basis of these natural divisions, 1
show the underwater profiles of the net at four
stages during setting: (A) halfway through
setting (half net), (B) at the end of setting
(end net), (C) at the start of pursing, and
(D) halfway through pursing.

Before each of 22 sets, BKG’s (usually
three) were lashed to the leadline -- one at mid-
net, one in the front portion of the net, and one
in the back portion. After the net was pursed
and the purse rings were on deck, the BKG’s
were retrieved, and the data graphs were re-
moved. After the net was stacked, the BKG’s
were repositioned on the leadline for the next
set (Figure 8). The data were recorded ac-

cording to purse-ring numbers, counting from
the skiff, and later converted to fathoms of net
length (the 69 purse rings are spaced at uni-
form intervals along the leadline).

Each setting operation was timed by stop-
watches; times were recorded from (1) let go
(the moment the skiff is dropped with one end
of the net) to (2) half net, (3) end net, (4)
start of pursing, and (5) 7rings up (end of
pursing).

Because the recording mechanism of the
BKG is started by the pressure of water when
the instrument is immersed, the first step in
interpreting the data was to determine how
long each BKG had been in the water at each
of the four times examined. Assuming con-
stant vessel and pursing speeds, I derived
equations for this purpose.
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Figure 3.—A split second after let go, the 10-ton seine skiff slides backward off the net pile with one end of the net
attached. (Photo taken aboard Antoinette B.)

A. HALFWAY THROUGH SETTING

The time that each BKG had been in the
water at half net is given by the equation:

- _ a
tW - th (1 h)
where tw = time from water entry of BKG
to half net
th = time from let go to half net
a = distance, in fathoms, of BKG
from skiff

= one-half the length of the purse
seine, in fathoms.

and h

Referring to the original BKG graphs at
the times thus determined gave the depths at
the time half net for the points along the net
where BKG’s were attached.
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The depths at half net are plotted against
distance from one end of the net in Figure
9A. The line drawn through the data points
represents my concept of the position of the
leadline at a normal maximum sinking rate.

The points are somewhat scattered because
the data were taken from different sets under
different conditions. Some of the conditions
that may affect sinking rate to this point in the
set are winds, currents, and tension applied by
either the power skiff or the pursing winch.
In general, a net that lies rather loosely in
the water sinks faster than one that is tightly
stretched (Ben Yami and Green, 1968).

At the time half net, the maximum depth
of all data points was only 12.5 fathoms, and
only about one-fourth of the net approached
this depth. For the 34 sets of this trip the



Figure 4.—“Half net!” This signal is given as the Lalf-net marker (not shown) goes
overboard to inform the helmsman of the set’s progress. (Photo taken aboard
Jeanne Lynn.)

Figure 5.—“End net”. The skiff is reached and the heaving line is thrown. The skiff
end of net must now be transferred to the vessel before pursing begins. (Photo
taken aboard Antoinette B.)
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Figure 6.—Pursing in progress.
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Jeanne Lynn.)

Both ends of the pursing cable are hauled simultaneously. (Photo taken aboard

mean time required to reach half net was 1
minute 41 seconds.

B. END OF SETTING

The time that each BKG had been in the
water at end net is given by the equation:

tw = % (1_%)

where tw = time from water entry of BKG
to end net

ty = time from let go to end net
a = distance, in fathoms, of BKG
from skiff
and s = length of the purse seine, in
fathoms.

Figure 7.—Pursing completed. Purse rings, in bight of
pursing cable, are hauled to the surface. Sub-
sequent operations, not treated in this paper,
are net stacking, and, if fish are caught, sacking
up and brailing. (Photo taken aboard Antoi-
nette B.)



Figure 8.—Between sets, Thomas Hunter, Biolog-
ical Aid, attaches bathykymographs
(BKG’s) to leadline. (Photo taken aboard
Antoinette B.)

At end net (the time when the skiff was
reached)--an average of 3 minutes 29 sec-
onds since let go--most of the net was still
not at fishing depth (Figure 9B). The max-
imum observed depth of the leadline was 24.5
fathoms at a distance of about 87 fathoms from
the skiff end, or at a point slightly short of
quarter net. Depth decreased steadily in both
directions from this point. This maximum ap-
peared to result from a loose set because the
data point exceeds clusters of others to either
side of it by 5 to 8 fathoms.

C. START OF PURSING

The time that each BKG had been in the
water at start of pursing is given by the equa-
tion:

where tw = time from water entry of BKG
to start of pursing

t = time from let go to start of
I pursing
ty = time from let go to end net
a = distance, in fathoms, of BKG
from skiff
and s = length of the purse seine, in
fathoms.

At the start of pursing--an average of 5
minutes 15 seconds since let go--the net ap-
proached its maximum fishing depth along its
entire length (Figure 9C). The maximum
depth attained at start of pursing was 28.0
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Figure 9.—Net profiles--470-fathom, 7-strip tuna purse seine. (Data points indicate individual
observations except for midnet, which indicates the mean of nine observations.)

fathoms, 134 fathoms from the skiff end of
the net. Because its stretched depth is 46.5
fathoms, the net would sink deeper if the
pursing were postponed. Further sinking
would be slow, however, and deform the shape
of the mesh and reduce the circumference of
the circular set (Ben Yami and Green, 1968).
Neither this net nor the 520-fathom net showed
any relation between the amount of towline
used after end net and maximum depth.

D. HALFWAY THROUGH PURSING

The time that each BKG had been in the
water at half pursed is given by the equation:

a

tw=tp — s ts + 1% (tg — t))

p

= time from water entry of BKG
to half pursed

where t -
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te = time from let go to rings up
(end of pursing)

tp = time from let go to start of
pursing
tgy = time from let go to end net

a = distance, in fathoms, of BKG

and s = length of the purse seine, in

fathoms.

Between the start of pursing and half
pursed, the net reached a depth of 30.2 fathoms
and started to rise. The maximum depth at
half pursed was 29.0 fathoms (Figure 9D).
Two more causes of variations of depth of net
are introduced during pursing. The first is
the sideways towing of the purse seiner by
the skiff, which is done to keep the purse seiner
from drifting back into the net toward the
center of the set. This towing also imparts



a variable tightening strain on the entire net
and prevents it from sinking farther. The
second cause of variation in the depth of the
net is the temporary hanging-up of purse rings,
in bunches, on portions of the upward-hauled

part of the pursing cable. When the friction-
breaking strain is reached, the rings slide down
the cable to a more level portion. Variations
from this source were seen on nearly every
BKG trace and are evident in Figure 1.

Il. ANALYSES OF SETTING OF 8-STRIP, 520-FATHOM PURSE SEINE

The construction of this net is similar to
that of the purse seine described by McNeely
(1961) except for the larger size of net.

The data were collected by Thomas Hunter*
on the tuna seiner Antoinette B in the same
way as they were collected for the 470-fathom
net. The data, consisting of 20 BKG obser-

4 Biological Aid, Bureau of Commercial Fisheries Fishery-Ocean-
ography Center, La Jolla, California 92037.

vations from 10 sets, were also treated as in
the preceding section.

A. HALFWAY THROUGH SETTING

The mean time from let go to half net was
1 minute 42 seconds. The maximum depth
reached at this time was 10.5 fathoms (Fig-
ure 10A)--2.0 fathoms less than that reached
by the 470-fathom, 7-strip net. The time was
too early in the set for the extra strip in this
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Figure 10.—Net profiles--520-fathom, 8-strip tuna purse seine. (See footnote 5 for explanation
of the broken circles in panels B, C, and D.) (Da